Tangential discontinuities, seen as X-ray edges known as cold fronts (CFs), are ubiquitous in cool-core galaxy clusters. We analyze all 17 deprojected CF thermal profiles found in the literature, including three new CFs we tentatively identify (in clusters A2204 and 2A0335). We discover small but significant thermal pressure drops below all nonmerger CFs, and argue that they arise from strong magnetic fields below and parallel to the discontinuity, carrying 10% − 20% of the pressure. Such magnetization can stabilize the CFs, and explain the CF-radio minihalo connection.
Tangential discontinuities, seen as X-ray edges known as cold fronts (CFs), are ubiquitous in cool-core galaxy clusters. We analyze all 17 deprojected CF thermal profiles found in the literature, including three new CFs we tentatively identify (in clusters A2204 and 2A0335). We discover small but significant thermal pressure drops below all nonmerger CFs, and argue that they arise from strong magnetic fields below and parallel to the discontinuity, carrying 10% − 20% of the pressure. Such magnetization can stabilize the CFs, and explain the CF-radio minihalo connection. In the past decade, high resolution X-ray images revealed an abundance of density and temperature discontinuities known as cold fronts (CFs). They are broadly classified as cool-core (CC) CFs vs. merger CFs (for a review, see [1] ). Here we focus exclusively on CC CFs.
Such CFs are observed in most of the otherwise relaxed, CC clusters [2] , inside the core and sometimes beyond it. They are usually nearly concentric or spiral, and multiple CFs are often observed in the same cluster. The plasma beneath the CF is typically denser, colder, lower in entropy, and higher in metallicity, than the plasma above it. The temperature T contrast across such a CF is [3] T o /T i ∼ 2, where inside/outside subscripts i/o refer to regions closer to/farther from the cluster center, or equivalently below/above the CF.
Such CFs are thought to be a quasi-spiral tangential discontinuity surface seen in projection [4, 5] . They may reflect large-scale "sloshing" oscillations of the intracluster medium (ICM), driven by mergers [4, 6, 7] , or feedback from the central active galactic nucleus (AGN) [8, 9] . They were also proposed to be the signature of long-lived spiral bulk flows underlying cool cores [5] .
Deprojected thermal profiles across core CFs reveal the presence of fast, nearly sonic flows beneath CFs, and tangential shear layers extending below them [10] . Such shear can produce the strong magnetization needed to stabilize the CF against Kelvin-Helmholtz instabilities (KHI), η B ≡ P B /P tot = B 2 /(8πP tot ) = 10-20%, if the shear layer is sufficiently long and narrow [10] , as expected for example in a long spiral CF. Here, B and P B are the magnetic amplitude and pressure, and P tot is the total pressure. Such shear-induced magnetization levels were indeed reproduced in sloshing simulations [11] .
There is circumstantial evidence for strong magnetic fields along and below CFs. The observed thinness of the discontinuity, much narrower than the Coulomb mean free path, requires a magnetic suppression of transport across the CF [12, 13] . The CF-radio minihalo connection [14] [15] [16] , in particular when combined with the radio-X-ray correlation in mini-halos, suggests strong magnetization below CFs, exceeding the cosmic microwave background equivalent B ∼ 3 µG [17] . Previous measurements of core magnetic fields [18] [19] [20] [21] produced a wide range of results, but are not specific to CF regions.
In this letter we report the discovery of a discontinuity in the thermal pressure P th across core CFs. We interpret this as a discontinuous jump in nonthermal pressure P nt below the CF, and argue that it must be predominantly magnetic. We assume a Hubble constant of H 0 = 70 km s −1 Mpc −1 , and a 77% hydrogen mass fraction. Error bars represent 1σ confidence levels.
Core CFs do show a thermal pressure discontinuity.-Unlike merger CFs, core CFs were so far thought to involve no change in P th , i.e. appear thermally isobaric (see [1] and references therein). To critically examine this, we analyze the thermal profiles near core CFs, and derive the pressure on both sides of the discontinuity.
We extract all thermal profiles across core CFs in the literature, and select only profiles that have been deprojected along the line of sight. The underlying assumptions of a single-phase ideal gas, spherically symmetrically distributed near the CF, are discussed below. We find 14 such CFs in 10 CCs, where P th can be estimated on both sides of the CF. We compute P th based on the deprojected profiles of T and particle number density n. Some pressure profiles are shown in Figure 1 , using rP th (r) to highlight deviations from the P ∼ r −1 profile. Figure 2 shows the ratio ξ ≡ P i /P o between P th just inside (P i ) and just outside (P o ) each CF, as a function of the CF radius r cf normalized by R 500 , the radius enclosing a mean density 500 times the critical density of the Universe. Data references are provided in the caption.
We compute P i and P o by approximating n and T near r cf as broken power-laws, estimated on each side of the CF from the two nearest bins. In the three cases with only one temperature bin below the CF (RXJ1347.5 and the inner CF in A1644S; empty symbols in Figure 2 ), the inner gas is assumed isothermal. We tentatively identify three new CFs (dashed rectangles in Figure 1 ), seen coincidentally in emission, temperature, and sometimes also metallicity: at r cf ∼ 28 and ∼ 62 kpc Southwest of 2A0335 [27] , and r cf ∼ 127 kpc West of A2204 [25] . Deprojected rP th (r) profiles (circles, empty or filled for different sectors, including r cf extrapolation) across CFs (rectangles; dashed for putative CFs), and azimuthal CC averages (squares). Lines are guides to the eye. For visibility, we show 2rP th in A496, and 0.5rP th in 2A0335. In all but A2204, the mean P th was divided by a fudge factor ∼ 1.7 in order to match the CF sectors away from r cf ; this has no effect on our results. Mean profile references: A496 and 2A0335 [22] , Virgo [23] , and A2204 [24] . CF profiles: A2204 [25] , A496 [26] , 2A0335 [27] and Virgo [28] .
Confidence levels are estimated by error propagating the temperature and density uncertainties, assumed for simplicity to be statistical, normally distributed, and uncorrelated. Our error estimates are conservative; accounting for correlations between bins should reduce the uncertainties in the inferred pressure jumps.
All but two CFs (the exceptions are discussed below) show ξ < 1, suggesting a P th deficit below the CF. The statistical significance per CF is modest (from 0.3σ to 3.6σ, except Virgo with 7.3σ), but the accumulated evidence is significant. The P th deficit is already resolved, with no extrapolation to the CF, in five cases (two CFs in 2A0335, two in A2204 and in Virgo). In most CFs, it is clearly seen in the rP th profile (e.g., Figure 1 ).
The CFs mean is ξ = 0.77 ± 0.03. The aforementioned ξ > 1 cases are the outer CFs in A1644S and RXJ1347.5, both undergoing a merger. These CFs appear affected by the merger; excluding them slightly changes the mean to ξ = 0.73 ± 0.03. The Virgo sector is very narrow and its data suggest substructure (see Figures 3, 1) , so are excluded as well. The mean of the remaining 14 CFs is ξ = 0.81 ± 0.03 .
Excluding also the 3 tentatively identified CFs would give ξ = 0.82 ± 0.04. We conclude that ξ ≃ 0.8, with a large dispersion among CFs, significantly deviates below unity. Robustness.-These results rely on spherical deprojection, fitting the data by a three-dimensional model of (1)), and of the non-CF sample (dotdashed); see text. An isothermal profile is assumed below CFs marked by empty symbols. Data references: A1664 [29] , A1795 [6] , A2052 [30] , A1644S [31] , A133 [32] , RXJ1347.5 [33] , R500 [28, [34] [35] [36] .
shells parallel to the CF. This well-established method is widely applied to X-ray clusters [37] [38] [39] . Due to the steep density gradients, the ∝ n 2 emission is dominated by the edge-on shell, rendering deprojection a small correction; deprojection errors are an even smaller, second-order effect [37] . Such measurements are sufficiently robust to detect a 20% pressure jump even in a single galaxy group CF [40, 41] ; the estimated errors are small [e.g., [41] [42] [43] .
Systematic effects may bias ξ, mainly raising it due to pressure curvature. Other effects, such as CF asphericity or r cf errors, may offset ξ in a given CF. However, in our heterogeneous sample, with various projections, the main effect is an enhanced dispersion, whereas a resulting offset in ξ remains small and positive. Aspherical CFs cannot mimic our effect, as the small n contrast (median q = 1.2) renders this a 5% effect; moreover, the viewingangle-averaged bias to ξ is positive (few percent). Most (8/14) r cf value are derived as a model parameter; no systematic difference is found in CFs located by eye.
As a general test of systematics, including deprojection and fit errors, we compute ξ with the same data and in the same method used to produce radial profiles [22] [23] [24] yields ξ c = 1.04 ± 0.01; see Figure  3 . Such ξ > 1 values arise from the bias discussed above.
To further test for false positives and projection effects, we repeat the analysis for the isobaric CFs in magneticfree sloshing simulations [4, 23] . We bin mock CF sectors in different projections, deproject the SB, and use the projected T , found to be nearly isothermal on each side of these CFs. All such CFs show ξ > 1; see Figure 3 . No false positive is found, and projection effects are small.
A thin, unresolved shear layer near the CF cannot mimic the signal because (i) such jumps are resolved (with no extrapolation) in five CFs; (ii) fast, nearly sonic shear is resolved [10] in ∼half of our CFs; and (iii) we find no correlation between ξ and the data resolution. Moreover, an unresolved layer yields (1 − ξ) a few percent: for a layer width w and a characteristic Mach number M, the normalized pressure jump induced is P −1 th ∆P th ≈ ΓM 2 w/r cf , where Γ = 5/3 is the adiabatic index; this holds for typical n ∝ r −1 and M ∝ r profiles beneath a concentric CF. With present resolutions, w 0.2r. Even if M ∼ 1 flows were not already resolved, M 1 implies that P −1 th ∆P th a few %. To homogeneously test the deprojections, we repeat the surface brightness (SB) deprojection of the 7 CFs with published data andξ = 0.89 ± 0.05, finding consistent results withξ = 0.86 ± 0.05. To test the T deprojection, we combine deprojected n with projected T profiles (available for three CFs [26, 32] ). As expected, ξ slightly increases (by 0.04, 0.1, 0.16), but is still < 1. Deprojection errors must be much smaller than this < 20% effect, so any (smaller yet) offset in ξ is negligible. Furthermore, we bin and deproject CF sectors in three cases with projected T data [24, 27] in the method of [44] ; no significant changes are found.
To test the extrapolation to r cf , we examine three alternatives (linear, logarithmic, and exponential) to the T power-law fit. All three give ξ = 0.82-0.83, consistent with Eq. (1), with insignificant changes in the control sample. The n profile is resolved and well fit by a broken power-law [e.g., 26, 37] . Finally, instead of two points on each side of the CF, we use all points within a factor 2 from r cf (unless crossing another CF). All ξ values change within their error bars, resulting in ξ = 0.85 ± 0.04. We conclude that there are small but significant drops in P th below all nonmerger CFs, given by Eq. (1). Systematic effects enhance the dispersion among CFs, but do not significantly offset the average, ξ. In fact, the deprojection errors needed to mimic our results greatly exceed the conservative estimates used in the analyses of CFs [12, 40, 41] , shocks [42, 43, 45, 46] , sound waves, and physical mechanisms such as electron heating [47, 48] .
The missing pressure is nonthermal.-Observed CF pressure discontinuities are sometimes attributed to an unresolved stagnation region due to radial CF motion [12] . Here, this would imply an inward acceleration of the CF, or outward ram pressure of the gas below the CF [1] . However, a 10 − 20% pressure jump would correspond [12] to M ≃ 0.3 − 0.5 radial motion: unrealistic in an otherwise relaxed core. Moreover, core CFs form extended three-dimensional surfaces spanning much of the core, so the implied coherent radial motion is implausible.
As P tot is continuous across a steady CF, the missing pressure is naturally attributed to a nonthermal component. The pressure drop thus imposes a lower limit on the nonthermal pressure P nt just below the CF (an additional, smooth P nt component may exist). This depends on how the η nt (r) ≡ P nt /P tot profile maps onto bins of radii {r i }. An extended nonthermal layer corresponds to η nt (r < r cf ) ≃ 1 − ξ, whereas a narrow layer confined to the i = −1 temperature bin just below the CF gives
in that bin, where r −2 < r −1 are the mean radii in the two bins below the CF, and the last result holds for logarithmically spaced bins. Averaging as in Eq. (1) yields η nt (r < r cf ) = 0.18 ± 0.04 or η nt,−1 = 0.12 ± 0.02. There is prior evidence for nonthermal pressure in clusters. Comparing optical and X-ray data gives η nt 10% in the cores of Virgo and Fornax [49] . Comparing Xray and weak lensing data yields η nt ∼ 30% in MS2137 [50] . However, these estimates assume hydrostatic equilibrium, and are not specific to CF regions.
The P nt distribution.-In 4 clusters, the deprojected P th profiles in CF sectors and azimuthally averaged can be compared (Figure 1) . In Virgo and possibly 2A0335, P th above the CF is comparable to the mean pressure at that radius, whereas P th below the CF is smaller than the mean. This deviation is confined to ∼ [0.7, 1]r cf , roughly corresponding to the shear layer [5, 10] , consistent with shear magnetization. A2204 and possibly A496 suggest an opposite trend; P th exceeds the azimuthal mean above the CF around [0.9, 1.5]r cf . More accurate profiles are needed to resolve the underlying structure: the azimuthal means are biased by the normalization and by the presence of CFs, and the P th deviations are not highly significant.
The nonthermal pressure is mostly magnetic.-CF phenomenology strongly constrains the nature of the nonthermal pressure, as it is (i) robustly found across different clusters; (ii) seen at various radii within the core; (iii) found near CFs; and (iv) confined below the sharp CF transition. Shear-generated magnetic fields in the shear layers beneath CFs [10] naturally fulfill all these conditions, as demonstrated numerically in Ref. [11] . Three alternative explanations are examined and disfavored below: high-energy particles, small-scale turbulence (microturbulence), and a multiphase plasma.
We conclude that the most natural, and the only selfconsistent, interpretation of the nonthermal pressure is at least predominantly magnetic. As ∇ · B = 0, the discontinuity must be in the tangential field, in accordance with shear magnetization [10] (this is also the field orientation driven by the heat-flux buoyancy instability [51] ). Indeed, η B 0.1 can explain the stability of CFs [10, 52] , the sharpness of the discontinuity, and the CFminihalo connection. Our most significantly nonzero field estimates, assuming η B = 1 − ξ 2/3 , are given in Table I . Discussion.-By analyzing all 17 deprojected core CF profiles from the literature, including 3 tentative new CFs (Figure 1 ), we discover small but significant (Eq. 1) drops below all nonmerger CFs (Figure 2 ). Control samples (Figure 3 ) show no such trend; systematic effects are ruled out. The most natural interpretation is an enhanced nonthermal pressure, predominantly magnetic, confined beneath the CF. The nonthermal fraction reaches η nt ≃ 10 − 20% just below the CF. Such strong magnetization suffices to stabilize the CF, suppress transport across it, and explain the CF-minihalo coincidence.
The locally strong magnetization, its sharp rise below the CF, and its coincidence with the shear layer, suggest saturated magnetic shear-amplification. Note that magnetic saturation at similar, η B ∼ 0.1 levels, is sometimes inferred from observations of radio-bright regions in the ICM, in radio halos and relics [53] . The typical amplitudes of the magnetic field, demonstrated in Table I, broadly agree with (the highly uncertain) Faraday rotation measurements [19] and minihalo estimates [17] .
Although the CF narrowness and stability require the nonthermal pressure to be predominantly magnetic, 1/2 of the localized P nt could be microturbulent. However, upper limits on the projected velocity dispersion at the level of 5-20% were imposed in several clusters [49, [54] [55] [56] . Moreover, η B 0.1 would stabilize KHI, preventing the growth of turbulence in the first place.
Deviations from a single-phase gas can produce erroneous pressure profiles, distorting our analysis (e.g., [26] ). Such effects are unlikely to be significant, as this would require similar errors over a substantial range of temperatures and densities. Moreover, (i) CC X-ray observations are consistent at any given position with a single phase [57] ; (ii) the CF pressure jump may appear larger (by ∼ 10%) in a multiphase model [58] ; and (iii) different multiphase plasmas on each side of the CF would still require strong magnetization, to stabilize the CF and isolate the plasma.
A diffuse high-energy component cannot explain our results. Even in the centers of CC [17] and merger [53, 59] clusters, its pressure fraction ∼ 10 −3 is dynamically negligible. Shear acceleration [60] is inefficient in the ICM. AGN output is strongly diminished for r cf few 10 kpc. AGN bubbles could significantly contribute to P nt ; here too, the associated magnetic component must be large.
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